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(54) Local telephone service over a cable network using packet voice 


(57) A cable modem supports two-way packet- 
switched traffic and is capable of telephony-type signal- 
ing to provide local tel^hone services over a two-way 
HFC c^e network The telephony-type signaling is 
transmitted using the TCP/IP protocol over an HFC dis- 
tribution plant. This telephony-type signaling includes 
representations of "off-hook," "on-hooK" etc. At the cus- 
tomer's premises, the telephony cable modem takes 
any one of a number of forms. For example, the teleph- 
ony cable modem comprises terminal equipment ports 


for coupling to both data terminal equipment such as a 
personal computer and voice terminal equipment such 
as a POTS telephone. Alternatively, the telephony cable 
modem includes POTS functionality arxJ comprises a 
handset and keypad for dialing. As yet another example, 
the telephony cable modem Includes a terminal equip- 
ment port for coupling to data terminal equipment that 
also functions as a telephone, such as a personal com- 
puter equipped with a microphone and speakers. 
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Description 

Background Of the Inverrtion 

The present invention relates to communications s 
equipment, and. more particularly, to telephony-type 
services. 

Today, it could be argued that providing Internet 
service is the fastest growing market in the United 
States and around the workJ. For most people, access io 
to the Internet is provided via a "plain-old-telephone 
service" (POTS) connection to an "Internet service pro- 
vider" (ISP). In this instance, one simply has to incorpo- 
rate an analog modem into a personal computer, or 
equivalent, and have a customer account with the ISP. is 
As such, at one level, accessing the Internet this way is 
as simple as dialing a telephone number associated 
with the ISP and "logging in." However, at another level, 
this type of Internet connection comprises dsparately 
different parts. 20 

For example, the POTS connection to the ISP is a 
PSTN "circuit-switched" "data call." However, at the ISP 
the Internet call becomes "packet-switched" as known 
in the art. In addition, the customer's analog modem is 
coupled to the local-loop" plant of the local exchange 25 
carrier (LEG) of the public-switched-telephone-network 
(PSTN). This local-loop is typically a pair of wires, con- 
ventionally referred to as "tip/ring." Unfortunately local- 
loop access has a basic limitation — namely bandwidth. 
Currently analog modems only offer limited raw data 30 
rates, e.g.. in the neigttx)rhood of 33 kt>ps (thousands 
of bits per second). Since Internet applications typically 
require large anrounts of data, e.g.. for pictures, etc., 
and may also involve voice (audio) communications, 
accessing the Internet via a circuit-switched local-loop 35 
has performance problems. 

In an attempt to improve performance, the industry 
is continuing to push data rates on the local-loop higher 
and higher as evKlenced by the recently announced 56 
kbps technology from such companies as Lxicent Tech- 40 
nologtes Inc. and U.S. Robotics. Further, the industry is 
continuing to develop data compression schemes for 
audio communications such as ITU-T standards G.729, 
G.729 Annex A, or G.723. These compression schemes 
effectively decrease data rates needed to support audio 4s 
transmission in "real-time" despite the low t>andwidth of 
the local loop and any inherent delays in packet switch- 
ing caused by the Ir^ternet. (It shoukl be noted that the 
low bandwidth of the local-loop accentuates any such 
p>acket-9witched delays.) so 

Nevertheless, the limitations of the local-loop for 
imernet access have created an opportunity for cable 
nrxxiem manufacturers to provide Internet access via a 
cable modem. As such, cable modem manufacturers 
are t^eginntng to leverage off of the hybrid-fiber-coax ss 
(HFC) distribution plant that exists for cable-TV. to pro- 
vide two-way cable moderns capatAe of accessing the 
Internet at significantiy higher data rates. In such an 


architecture, high-speed communications exists for both 
voice and data to the Internet 

As such, the deployment of an HFC plant with two- 
way cable modems is an alternative Internet access 
means for both voice and data. Unfortunately we have 
realized that such an approach does not replace the 
local-loop for basic telephony service. For exanple. a 
LEC cannot direct a POTS voice telephone call to a 
cable modem endpoint. Indeed, consumers now have 
two different communications systems at their door- 
steps. One — an HFC plant with two-way catjie 
modems — is designed for packet-switched data con- 
nectivity to the Internet. The other — the local-loop — 
provides telephone service. 

Summary of the Invention 

Therefore, and in accordance with the inventive 
concept, we have designed a packet-switched two-way 
caJtAe modem that supports basic telephony-type signal- 
ing. As a result, the inventive concept provides the basis 
for a communications system comprising an HFC plant 
with two-way cable modems that provides telephony 
services, thereby eliminating the need for a local-loop 
connection. As used herein, this two-way cat>le nrodem 
that supports telephone services is referred to as a 
"telephony cat)le nxxJem." 

In an embodiment of the inverrtton. a telephony 
cable modem supports two-way packet-switched traffic 
and is capable of telephony-type signaling uang the 
"fransmission control protocol/Internet protocol" 
(TCP/IP), via an HFC distribution plant This telephony- 
type signaling includes representations of "off-hook," 
"on-hook," etc. 

At the customer's premises, the telephony cat^e 
modem takes any one of a nun*er of forms. For exam- 
ple, the telepfiony cat)le nxxlem comprises terminal 
equipment ports for coupling to both data terminal 
equip>ment such as a personal conputer and voice ter- 
minal equipment such as a POTS telephone. Alterna- 
tively, the telephony cable nrrodem includes POTS 
functionality and comprises a handset and keypad for 
dialing. As yet another example, the telephony cable 
modem includes a terminal equipment port for coupling 
to data termir^l equipment tiiat also functions as a tele- 
phone, such as a personal computer equipped with a 
microphone and speakers. 

As a result of the above, the inventive concept pro- 
vides local telephorie service via csbie access. 

Brief Descri ption of the Drawing 

FIG. 1 is an iOusto-ative block diagram of a communi- 
cations system embodying the principles of the 
invention: 

FIG. 2 is an illustrative flow diagram of a method 

embodying the principles of the inverrtion; 

FIG. 3 is an illustration of a portion of a telephony- 
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type signaling conveyed in a TCP/IP message in 
accordance with the principles of the invention; 
FIG. 4 shows the telephony signaling path in 
accordarKe with the principles of the invention: 
FIG. 5 is an illustrative routing tattle lor use in the s 
communications system of FIG. 1 ; 
FIGs. 6 and 7 show illustrative protocol relation- 
ships in accordance with the principles of the inven- 
tion: 

FIG. 8 is an illustrative block diagram of a cable io 
modem emkxxJying the principles of the invention: 
FIG. 9 is another illustrative block diagram of a 
cat>le modem embodying the principles of the 
invention; and 

FIG. 10 is another illustrative block diagram of a is 
cable modem embodying the principles of the 
invention. 

Detailed Description 

20 

An illustrative high-level block diagram of a commu- 
nications system embodying the principles of the inven- 
tion is shown in FIG. 1. Other than the inverrtive 
concept, the elements of FIG. 1 are well-known and will 
not be described in detail. Communications systems 10 2S 
comprises customer premises equipment 100, 2-way 
HFC plant 200 (referred to herein as HFC 200). data 
point-of-presence (POP) 210. Internet 55. packet phone 
gateway 215. local switch 220, inter-exchange carrier 
network 50, and far-end customer premises equipment 3o 
1 65. Also shown on FIG. 1 are other cal>le drops as rep- 
resented by cable modems 81 and 82. which are also 
assumed to embody the inventive concept. 

Customer premises equipment 100 comprises data 
terminal equipment 110. telephone 115. and cable 35 
modem 105. Data terminal equipment 110 is illustra- 
tively a personal-computer equipped with a speaker and 
microphone for audio communications as known in the 
an along with the necessary hardware and software 
(not shown). Telephone 1 15 is illustratively a POTS tel- 4o 
ephone. Both Data terminal equipment 110 and tele- 
phone 1 1 5 are coupled to cable modem 1 05 (described 
below). The latter is coupled to HFC plant 200 via coax- 
ial cable 201 . Telephone 1 15 is identified by a telephone 
"cfirectory number" (DN), e.g., 908-949-8818. and cable 45 
modem 105 has an associated "Internet Protocol" (IP) 
address, e.g.. 199.222.104.150. A user of customer 
premises equipment 100 is identified herein by user 
101. 

The HFC plant 200 is representative of a 2-way, i.e. , so 
bi-directional transmission, cable network over a hybrid- 
fiber-coaxial cable distribution plant. This HFC distritxj- 
tion plant is terminated at the service provider's data 
POP 210. which is r^resentative of equipment for 
switching packet data traffic. The data POP 21 0 is cou- ss 
pled to Internet 55 and packet phone gateway 215. 
Internet 55 illustratively represents the collection of 
facilities and networks that are called the Internet (It 


shoukl be noted that alternatively "intranets." or a com- 
bination of Internet/intranet networks, couki be used). 

As noted above, data POP 210 is coupled to packet 
phone gateway 215. The latter provkjes for the interface 
between a packet-switched environment and a circuit- 
switched environment in accordance with the principles 
of the invention (descrtoed below). The former environ- 
ment being represented by HFC plant 200, data POP 
210. and Internet 55; while the latter environment is rep- 
resented by the PSTN as represented by local switch 
220 and inter-exchange carrier network 50. Packet 
phone gateway 215 is coupled to the PSTN environ- 
ment via an Integrated Services Digital Network (ISDN) 
interface 216, such as a basic rate interface (BRI), a pri- 
mary rate interface (PRI), or others. 

The PSTN environment is represented by local 
switch 220 and inter-exchange carrier network 50. As 
such, local switch 220 is also coupled to other LECs 
(not shown), via facilities 221. and to inter-exchange 
carrier network 50. The latter provides communications 
with customer premises equipment 165, which is illus- 
tratively a POTS telephone coupled to inter-exchange 
carrier network 50 through an associated LEC (not 
shown). User 1 66 is associated with customer premises 
equipment 165. which is associated with a DN, or tele- 
phone number, of 303-714-0432. (It shouki be noted 
that although shown separately, local switch 220 repre- 
sents circuit-switching equipment. As such, physically, 
the functions of packet phone gateway 215 coukj be 
incorporated Into the local switch.) 

At this point, in order to facilitate understanding the 
inventive concept, reference shoukj be made to FIG. 2. 
which represents an illustrative method used herein to 
process a communications call between user 101 and 
user 166. In this example, the communications call is a 
voice call, and it is assumed that user 101 is the calling 
party and user 166 is the called party. In step 400, user 
101 dials a telephone number associated with the called 
party, user 166, as known in the art, e.g.. lifting the 
handset, etc.. of telephone 115. As used herein the 
called party telephone number, 303-714-0432. is also 
referred to as the "terminating DN In step 405, cable 
modem 105 (subsequent to detecting telephone 115 
going "off-hook") receives, from telephone 115, the 
sequence of touch-tone digits representing the termi- 
nating DN. In step 410, and in accordance with the 
inventive concept cable modem 105 formats an ISDN 
Setup message conrprising the terminating DN. (In the 
prior art. ISDN equipment communicates signaling via 
an ISDN D-channel using the well known Q.931 stand- 
ard. Although this illustrative embodiment of the inven- 
tive concept uses an ISDN Setup m^sage in the 
context of cable modems and the IP protocol, it shoukJ 
t>e realized by those skilled in the art that other equiva- 
lent signaling messages may be defined. Indeed, other 
types of packet-type formats can be used like the asyn- 
chronous transfer mode (ATM).) In step 415, cable 
modem 1 05 formats an IP message for conveying ISDN 
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D-channel signaling, with the originating, or source, IP 
address (199.222.104.150). and the destination IP 
address (e,g., 199.222.104.160). An illustrative IP mes- 
sage 250 is shown in FIG. 3. tn this example, the above- 
mentioned ISDN Setup message is carried in the data 5 
portion of the IP message 250. In step 420, this IP mes- 
sage is transmitted by cable modem 105 and sent over 
HFC 200 using TCP/I R 

The data POP 210 receives the IP message in step 
425. In step 430. data POP 210 routes the IP packet to 10 
packet phone gateway 21 5, as a function of the destina- 
tion IP address, which in this example represents 
packet phone gateway 215. Upon receipt. Packet phone 
gateway 215 recovers the ISDN Setup message from 
the received IP packet in step 435. Packet phone gate- 15 
way 215 retransmits the ISDN Setup message to local 
switch 220. via the D-channel of ISDN interface 216. in 
step 440. tn step 445. local switch 220 receives the 
ISDN Setup message and processes the call as In the 
prior art, e.g., eventually causing a ringing signal to 20 
appear at telephone set 165. 

As illustrated by the atxsve description, and as 
shown in FIG. 4, packet phone gateway 215 communi- 
cates ISDN signaling information between local switch 
220 and cable modem 105 in accordance with the prin- 2S. 
ciples of the invention. Although not shown, packet 
phone gateway 215 includes ISDN interface equipment 
to support ISDN interface 216 and IP packet equipment 
to support IP interface 21 1 . As such, call signaling infor- 
mation, equivalent to states such as "setup," "ringing." 30 
"answer." "disconnect." etc. is communicated between 
local switch 220 and packet phone gateway 215 as 
ISDN signaling information via a D-channel of ISDN 
interface 216. and as part of a TCP/IP message 
between packet phone gateway 215 and cable modem 35 
105. For example, upon far-end customer premises 
equipmerrt 165 going "off-hook" to answer the call. 
ISDN signaling message(s) are transmitted back to 
packet phone gateway 215 to complete a circuit- 
switched connection between packet phone gateway 40 
215 and customer premises equipment 165 in step 450. 
In step 455, packet phone gateway 215 conveys this 
telephony-type signaling information to cattle modem 
105. via data POP 210 and HFC 200. to complete the 
packet-switched connection between packet phone 4S 
gateway 215 and cable nrxxlem 105. 

In order to facilitate call processing, the packet 
phone gateway 215 maintains a data structure or rout- 
ing table as shown in FIG. 5. This routing table associ- 
ates three fields for each subscriber: subscriber IP so 
address, subscriber telephone number, and associated 
packet phone gateway address. This illustrative routing 
table shows information for three different subscribers 
with cable nxxlenr^ 105. 81. and 82, respectively 
(shown in FIG. 1). As can be observed from the routing 55 
table of FIG. 5. packet phone gateway 215 is associated 
with a plurafity of IP addresses, one for each sut>saiber. 
For example, the IP address of cattle nxKlem 105 and 


telephone number of user 101 are associated with an IP 
address for packet phone gateway 215 of 
199.222.104.160. As such, when cable modem 105 of 
user 101 sends a telephony-type signaling message 
using TCP/IP, it sends that message to IP address 
199.222.104.160 of packet phone gateway 215. Simi- 
larly, a telephony-type signaling message from cable 
modem 81 is conveyed via a TCP/IP message to IP 
address 199.222.104,161 of packet phone gateway 
215. The source IP address of the TCP/IP message 
from a cable modem identifies the sut>scriber. However, 
packet phone gateway 215 additionally uses the desti- 
nation IP address to receive messages from a specific 
subscriber (It should be noted that a single IP address 
couki be used instead for packet phone gateway 215. 
or, alternatively, different grotps of subscribers could be 
assigned with different packet phone gateway IP 
addresses.) 

Similarly, the routing table of FIG. 5 is used by 
packet phone gateway 215 to relay ISDN signaling from 
local switch 220 to the respective subscriber. For exam- 
ple, incoming ISDN signaling messages corresponding 
to DNs listed in the tat)le of FIG. 5 are relayed by packet 
phone gateway 215 to the corresponding cable modem 
at the indicated IP address. Using the above example 
when packet phone gateway 215 receives an irKX»ming 
ISDN signaling message identifying DN 908-949-8818. 
packet phone gateway 215 translates the DN to the cor- 
responding IP address for cable modem 105, and 
retransmits the ISDN signaling message in a TCP/IP 
message to IP address 199.222.104.150 (cable modem 
105). 

As such, telephony-type services are provided in a 
packet-switched environment. In support of such serv- 
ices, cable nrxxjem 105 (described further below), pro- 
vides any of a number audio signals to user 101 to 
reflect call progress responsive to received telephony- 
type signaling messages as represented by ttie ISDN- 
TCP/IP signaling. For example, when an incoming call 
is being placed to user 101. cable modem 105 first 
receives the respective ISDN signaling message and in 
response thereto provides ringing to alert the user. (It 
shoukf be rK>ted that in accordance with ISDN practice, 
some audit^le signaling, such as ringing is generated by 
the customer premises equipment (here, in accordance 
with the inventive concept, cable modem 105). How- 
ever, other types of signals that a user receives such as 
"called user busy" are canned as both call-control sign- 
aling in the D-channel as well as audible tones con- 
veyed by the B-channel from the local switch. In this 
context, as described below, such B-channel signaling 
is conveyed by UDP/IP messages from packet phone 
gateway 215 to cat)le modem 105.) 

Oice the above-described telephone call between 
user 101 and user 166 is established, cable nxxlem 105 
samples and digitizes voice for transrrission to the 
called party as known in the art In. this example, the 
"User Datagram Protocol" (UDP) is used to transmit 


4 


8NSOOCIO: <EP_08S1653A2_I_> 


7 


EP 0 851 653 A2 


8 


voice packets to packet phone gateway 215 over the 
packet-switched portion of the connection. This UDP/IP 
method of sending voice plackets over a packet- 
switched connection is well-known and minimizes 
packet-switched delays. (There is a trade-off in using 
UDP versus TCP. e.g., UDP does not guarantee error- 
free transmission and does not require receiver 
acknowledgement.) Upon receiving the packets con- 
taining audio information. p>acket phone gateway 215 
depacketizes the audio and provides the audio digital bit 
stream to the prior assigned B-channel of ISDN inter- 
face 216 (determined during call setup). Similarly, in the 
reverse direction, packet phone gateway 215 packetizes 
the received audio digital bit stream for transmission to 
cable modem 105 via UDP/IP. Re^xxiding to the 
received UDP/IP messages, cable nruxiem 105 depack- 
etizes and converts received audio samples to an ana- 
log form for transmission to telephone 1 1 5. 

For reference purposes. FIGs. 6 and 7 show the 
protocol relationships between the packet-side and the 
PSTN-side for the control signaling (FIG. 6) and the 
user channel (FIG. 7). It should be noted in FIG. 6 that 
ISDN call control can use H.323 setup standards. 

It should be noted that in the above description the 
telephone call uses packet transport between catde 
modem 105 and packet phone gateway 215. and circuit 
transport beyond. As 64 kt^ of bandwidth is availat^e 
for a voice call over a single ISDN B-channel no audio 
compression is necessary. However, voice calls to a 
packet-switched en(jtx>int, e.g., off of Internet 55 of FIG. 
1, nray require compression. In this instance, cable 
modem 105 is modified in any number of fashions to 
activate compression/decompression functions as 
known in the art. For example, cable 105 can be admin- 
istered by the usier, e.g., via an equivalerrt "AT-type com- 
mand** to use compression. Alternatively, cattle modem 
1 05 can adaptively use conpression k>ased. e.g., on the 
destination tP address. 

An illustrative block diagram of a cable nxxlem in 
accordance with the principles of the invention is shown 
in FIG. 8. Cable modem 105 comprises telephony por- 
tion 600 and packet portion 700. Although not shown, it 
is assumed cable modem 105 is powered locally (ver- 
sus receiving power through HFC 200). (It should be 
noted that various safeguards can be taken for ensuring 
power to cable modem 105, e.g.. via a power source 
with battery backup, etc.) As can be observed from FIG. 
8. cable modem 105 couples to PC 1 10, telephone 115. 
and HFC 200. Also shown in FIG. 8 is a coupling to an 
analog or digital TV set (described briefly below). 

Cable nfxxlem functionality portion 700 conrprises 
memory 705. CPU 725, receiver 735. tuner 745. and 
splitter/combiner 755. and ethernet interface 760. Split- 
ter/confi)iner 755 includes a "diplex filter" as known In 
the art. (It should be noted that, alternatively, split- 
ter/combiner 755 can be external to cable modem 105.) 
CPU 725 is a stored-program-controlled central 
processing unit as known in the art. e.g.. a nrdaoproces- 


sor. coupled to memory 705. which provides both pro- 
gram storage and data storage. CPU 725 controls both 
the to-ansmission, and reception, of packets to. and from, 
HFC 200 via splitter/comt)iner 755. In p>arlicular. in the 

5 transmitting direction. CPU 725 formats data into IP 
packets for application to framer 730, which 1 rames-up" 
the received data to generate a sequence of TCP/IP or 
UDP/IP frames to transmitter 740. The latter provides 
additional error correction/detection coding such as 

10 Reed-Solomon coding as known in the art and forms a 
nrrodulated irrtermediate frequency (IF) carrier signal to 
radio frequency (RF) modulator 750, which develops 
the modulated- RF signal for transmission over HFC 200 
(e.g., QPSK modulation as known in the art for 

15 upstream traffic). Similarly, in the receiving direction, a 
modulated RF sigrial is received from HFC 200. via 
splitter/combiner 755. for application to tuner 745. The 
latter recovers an RF-modulated signal at a predefined 
tuner frequency (e.g., QAM modulation as known in the 

20 art for downstream traffic). The recovered RF modu- 
lated signal is applied to receiver 735 which demodu- 
lates the recovered RF modulated signal and provides a 
sequence of received TCP/IP or UDP/IP frames to 
framer 730. The latter provides a stream of packets to 

25 CPU 725. which also controls framer 730 via signal 726 
for the purpose of timing/synchronization and error 
detection. (Framer operation is known in the art, e.g., 
see "Digital Transmission Systems," second edition, by 
David R. Smith; Van Nostrand Reinhold, 1992.) Cable 

30 nxxjem 1 05 terminates a cable signal - which is divided 
into different frequency barKls, e.g., a broadcast video 
channel and a data channel (for packets). Splitter/com- 
t>iner 755 provides any cable-TV signaling to TV 170 (it 
is assumed for the purposes of this example, tiiat TV 

35 1 70 includes any required cable TV decoding function). 
CPU 725 forms packets from the digital audio infor- 
mation received from tiie telephony portion 600. CPU 
725 also handles packets from ethernet interface 760, 
which transmits packets. 

40 Ethernet interface 760 couples to data terminal 
equipment, or personal computer (PC). 110. The latter 
forms a multi-media erxjpoint. That is. PC 1 10 (as men- 
tioned earlier) is suitably configured to support the 
transmission and reception of data and audio as might 

45 be required, e.g., in an audio conferencing application. 
As noted. PC 1 10 provides data and audio information 
in the form of packets. 

Telephony portion 600 comprises memory 625. 
DSP 620, converter 610, and subscriber-line-interface- 
so drcurt (SLIC) 605. The heart of telephony portion 600 is 
DSP 620 and memory 625. DSP 620 is a stored-pro- 
gram-control digital signal processor as known in the 
art. Memory 625 provides txsth program storage and 
data storage for DSP 620. SLIC 605 provides the 

55 tip/ring interface to telephone 115. Converter 610 pro- 
vides the interface between the digital world arxi the 
analog workl. i.e.. converter 610 is simply a pair of ana- 
log-to-digital and digital-to-analog converters. Teleph- 
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ony portKDn 600 provides a number of functions. First, a 
telephone network simulator function, via SLIC 605. 
That is. cable nnodem 105 "looks like" the local loop of a 
telephone network to telephone 115. via port 604. As a 
result, no modifications are required to be made to tele* 
phone 1 1 5 to work with the inventive concept. This tele- 
phone network simulator function provides a set of well- 
known telephone signaling functions like the ability to 
sense off-hook, provide loop current, provide dial tone, 
detect dialing (pulse or DTMF), etc. Since these func- 
tions and their implementation are well-known, they are 
not described in detail. SLIC 605 is controlled by CPU 
725 via line 606. Consequ^ly, as ISDN signaling mes- 
sages are received by CPU 725. the tatter decodes the 
ISDN signaling messages and controls SLIC 605 to 
convey the proper signaling back to telephone 1 1 5. For 
exannple. "ringing." ^c. Similarly, in the other direction, 
SLIC 605 provides an "off-hook" indication, dialed dig- 
its, etc.. to CPU 725. via control 606. CPU 725 formats 
this information into ISDN signaling messages as 
appropriate. 

Another furxrtion performed by telephony portion 
600 is the PCM encoding and corrpression (if neces- 
sary) of audio signals. In the context of the above- 
described exanple. it was assumed that compression of 
an audio signal was not necessary. As a result, SLIC 
640 coveys audio signals to, and receives audio signals 
from, CPU 725, via converter 610. The latter converts 
between the analog domain and the digital domain (the 
latter represertted as a PCM encoded signal or "DSO"). 
However, if necessary. DSP 620 provides for compres- 
sion and decompression of PCM encoded signals. In 
this case. SLIC 640 conveys audio signals to. and 
receives audio signals from. DSP 620. via converter 
610. DSP 620 receives PCM encoded audio from con- 
verter 610. DSP 620 provides compressed digital audio 
to CPU 725. Similarly, in the reverse direction. DSP 620 
receives a compressed audio digital bit stream from 
CPU 725. decompresses this signal, and provides PCM 
encoded audio to converter 610, which then provides 
analog audio to telephone 115. via SLIC 605. As noted 
above. DSP 620 can be enabled or disabled in any 
numt>er of ways to provide for the compression/decom- 
pression of the PCM encoded signaling. 

As can be observed from the above description, the 
inventive concept allows one to plug a regular telephone 
into cable modem 105 to make. arKi receive, voice calls 
over what is essentially a packet-switched network This 
has additional human factors advantages. That is. most 
everyone knows how to use a plain okj telephone set. 
Pick up the handset on telephone 115 and cable 
modem 1 05 provides dial-tone. Depress buttons on the 
dialing pad (not shown) of telephone 115. and cable 
modem 105 transmits an ISDN Setup message to 
packet phone gateway 215. where this ISDN Setup 
message includes the called party number Upon 
answer, cable nrx)dem 105 converts between analog 
audio signals and digital audio signals, thus providing 


comrrujnication to the called party. Similarly, in the 
reverse direction, when cable modem 105 receives an 
ISDN Setip message. CPU 725 causes SLIC 605 to 
apply a "ringing signal" to telephone 115. Thus, voice 

5 communicatior^ in the opposite direction are achieved. 
Although FIG. 8 shows one illustrative form of a 
cable modem in accordance with the principles of the 
invention, a cable modem in accordance with the inven- 
tive concept can take on other forms as suggested by 

10 FIGs. 9 and 10. In these figures, the packet telephony 
function and the cable modem interface functbn are dis- 
tributed in different fashions. FIG. 9 is illustrative of a 
catrfe modem that only works with data terminal equip- 
ment configured to provide audio communications in 

1$ accordance with the principles of the invention. In this 
instance, incoming voice-only telephone calls from. e.g.. 
user 166 cause cable nrKxiem 105 to provide an incom- 
ir^ call to PC 1 10, which either causes an alert (audible, 
such as a ringing signal, or visual) to be generated. (In 

20 this mode of operation, it is assumed that PC 110 is 
powered-on and available to receive incoming ethernet- 
type packets). In contrast. FIG. 10 is illustrative of a 
cable modem that provides an integrated form of tele- 
phone. In the simplest ennbodimefTt. functionality previ- 

25 ously fourKi in telephone 1 1 5 is now included within the 
cable modem as represented by telephone 115*. In 
otiier words, cat>le modem 105 has a dial pad. handset, 
etc. (not shown). In this application, the cable modem is 
utilized primarily as a POTS telephone coupled to a 

30 packet-switched environment. It should t>e realized by 
those skilled in the art that integrating the functionality 
of telephone 115 into the cable modem provides the 
opportunity to simplify the circuit design. 

It should be noted that although physically different 

35 hardware configurations are shown in FIGs. 8. 9, and 
10, the same software can be re-used between the 
three illustrative embodiments with suitable portions 
either eliminated, or via configuration settings disabled. 
For example, in the latter case, a set of "DIP" switches 

40 as known in the art identifies the customer configuration 
for CPU 725. e.g., no telephone connected, no data ter- 
minal connected etc. Such an approach can also be 
used to identify tiie default endpoint. e.g., all irKX^ming 
calls from packet phone gateway 215 initially ring tele- 

45 phone 115. Alternatively such options can be set via a 
"command nr»ode" similar in effect to that found in ana- 
log modems today. 

The foregoing merely illustrates the principles of the 
invention and it will thus be appreciated that those 

so skilled in the art will be able to demise numerous alterna- 
tive arrangements which, aHhough not explicitly 
described herein, embody the principles of the invention 
and are within its spirit arxf scope. 

For example, although a "cable modem" was used 

55 to illustrate the inventive concept, it should be realized 
that the equivalent function of the inventive cable 
modem couM be included within other equipment such 
as a personal computer, data appliance, etc. 
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Claims 

1 . A modem comprising: 

circuitry (604) for coupling to equipment thai 
provides telephony functions; and 
circuitry (730, 740, 750, 755) for transmitting 
the packets 

CHARACTERIZED BY 
circuitry (605, 610, 620. 625. 725) responsive 
to signaling from the equipment for forming 
packets for transmission such that some pack- 
ets include telephony-type signaling informa- 
tion. 

2. The apparatus of daim 1 further 

CHARACTERIZED BY 

receiving circuitry (735, 745) for receiving 
packets; and 

processing circuitry (605, 610. 620, 625. 725) 
responsive to telephony-type signaling infor- 
mation recovered from at least one received 
packet for ringing a telephone coupled to the 
modem. 

3. The apparatus of claim 1 wherein the circuitry for 
forming packets includes telephony-type signaling 
information by including, integrated-services-digital- 
network (ISDN) signaling messages in the respec- 
tive packets. 

4. The apparatus of claim 3 wherein the ISDN signal- 
ing messages are compatible with Q.931. 

5. The apparatus of claim 1 wherein the circuitry for 
transmitting is for coupling to a cable network, 
whereby the nxxJem is a cat>le modem. 

6. A method for use in equipment for providing tele- 
phone sen/ices over a cable network, the method 

CHARACTERIZED BY THE STEPS OF 

coupling to at least one packet facility and at 
least one switched facility; 
receiving a tel^Dhone signaling message from 
a switched facility coupled thereto, the tele- 
phone signaling message comprising, at least, 
a called party telephone numk^er; 
identifying a packet address from the called 
party telephone number; and 
transmitting the telephone signaling message 
in a packet form over the packet facility to the 
identified packet address. 

7. The method of claim 6 wherein the transmitting step 
includes the step of using a trar^ction-control-pro- 
tocol/lntemet Protocol (TCP/IP) In transmitting the 


packet. 

8. The method of daim 7 wherein the telephone sign- 
aling message is an ISDN sigr^ling message. 
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400, 


405, 


USER (PC OR PHONE) DIALS THE 
TERMINATING DN ( i.e.. 1-303-714-0432) 


FIG. 2 


410 


CABLE MODEM DETECTS OFF-HOOK 
AND RECEIVES TERMINATING DN 


415 


ISDN SETUP MESSAGE WI TH THE CALLED DN IS PREPARED 

- ♦ 


IP MESSAGE CONTAINING THE ISDN SHUP 
MESSAGE ORIGINATING IP ADDRESS 
(199.222.104.150) AND DESTINAHON 
IP ADDRESS (e.g..199.222.104.160) PREPARED 


420 
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IP MESSAGE PACKETIZED AND SENT OVER HFC 
NETWORK VIA CABLE MODEM, 
(TCP/IP IS USED FOR ISDN D-CHANNEL 
SIGNAUNG, UDP/IP IS USED FOR B-CHANNEL VOICE) 
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LOCAL SWITCH RECEIVES ISDN SETUP 
MESSAGE AND PROCESSES CALL 


450^ 
455. 


COMPLETE CALL SETUP FOR CIRCUIT-SWHCHED PORHON 
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FIG. 3 
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FIG. 6 

PSTN INTERWORKING 
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FIG.7 
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